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Abstract—Peak-to-average power ratio (PAPR) of transmit
waveform becomes higher when transmit filtering and/or pre-
coding are employed. In this paper, we introduce a PAPR
reduction scheme called selected mapping without side infor-
mation transmission (called blind SLM) for both orthogonal
frequency division multiplexing (OFDM) and single-carrier (SC)
signals. Firstly, we review the proposed blind SLM techniques,
considering both single-input single output (SISO) and space-
time block coded transmit diversity (STBC-TD). Then, a blind
SLM technique for multi-user multiple-input multiple-output
(MU-MIMO) transmission with minimum mean-square error
(MMSE) filtering and singular value decomposition (SVD), called
MMSE-SVD, is introduced. To realize a simple data detection
without side-information in MU-MIMO, we recommend that
the phase rotation sequence multiplication should be applied
to transmit data streams before applying the transmit filtering
(called stream-wise SLM). At the receiver, the phase rotation
sequence estimation is done for each users data streams after
applying the receive filtering. Simulation results confirm that the
stream-wise blind SLM for MMSE-SVD can reduce the PAPR of
transmit waveforms without degrading bit-error rate (BER).

Index Terms—OFDM, single carrier, MU-MIMO, STBC,
PAPR, selected mapping

I. INTRODUCTION

High peak-to-average power ratio (PAPR) signal remains
a major problem in the fifth-generation (5G) mobile com-
munications since it degrades energy efficiency (EE) of user
equipment (UE), especially when operating at high carrier
frequency e.g. millimeter wave [1]. Single-carrier (SC) wave-
form is well-known as a low-PAPR waveform compared to
orthogonal frequency division multiplexing (OFDM) wave-
form [2]. OFDM and SC can be combined with single-user
space-time block coded transmit diversity (STBC-TD) [3] or
with multi-user multiple-input multiple-output (MU-MIMO)
transmission [4] to boost up the spectrum efficiency (SE). MU-
MIMO using minimum mean-square error (MMSE) filtering
and singular value decomposition (SVD), called MMSE-SVD,
was introduced recently [5], where it can achieve better bit-
error rate (BER) than zero-forcing (ZF) based receive fil-
tering. However, PAPR increases when the transmit filtering
and/or precoding are employed even in SC transmission [6],
indicating that PAPR reduction is necessary. Among various
PAPR techniques, selected mapping (SLM) [7] is well-known
as an efficient PAPR reduction scheme with less computational
complexity than partial transmit sequence (PTS) [8]. SLM

selects a waveform having the lowest PAPR among many
candidates obtained from phase rotations. Meanwhile, its main
drawback is side information transmission, which degrades the
SE especially in MIMO systems.

In this paper, SLM without side information transmission
(called blind SLM) for both OFDM and SC transmissions
are introduced. Firstly, we review the previous blind SLM
techniques which are mostly based on OFDM transmission
and introduce our blind SLM techniques which are compatible
with both OFDM and SC, considering single-input single-
output (SISO) and STBC-TD. Then, we introduce a blind
SLM technique for MMSE-SVD, in which the phase rotation
is multiplied to data streams prior to transmit filtering (called
stream-wise SLM). Phase rotation estimation can be employed
to each UE’s data stream after receive filtering and no major
changes on MMSE-SVD filters implementation is required.
Performance evaluation of the stream-wise blind SLM for
MMSE-SVD is carried out by computer simulation, where
OFDM is used in downlink transmission (base station (BS)
to UEs) and SC is for uplink (UEs to BS) transmission similar
to the current LTE-Advanced system. It is shown that the
blind SLM can achieve low-PAPR transmission without BER
degradation when the received signal power is sufficiently high.

II. OVERVIEW OF BLIND SLM AND ITS APPLICATION TO
STBC-TD

Blind SLM techniques for OFDM has been widely studied,
such as scrambling [9] and modified block code [10], but they
still need to transmit small amount of redundant bits. A blind
SLM for OFDM based on maximum likelihood (ML) phase
rotation estimation [11] is attractive since it can achieve similar
BER as that of perfect side information knowledge, but [11]
considers a continuous set of phase rotation and becomes im-
practical. Blind SLM for SISO SC using a discrete set of phase
rotation and ML-based phase rotation estimation was proposed
in [12], which is also compatible with OFDM transmission. Its
extensions for STBC-TD with and without transmit frequency-
domain equalization (Tx-FDE) were discussed in [13] and [14].

Here, we describe the concept of blind SLM, including
phase rotation sequence selection and estimation, then briefly
introduce its applications to STBC-TD. In addition, we assume
that the single-user STBC-TD with Tx-FDE, where the number
of BS antennas (NBS) can be arbitrary, is used in the OFDM
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Fig. 1. Transceiver model with STBC-TD and blind SLM.

downlink, while the STBC-TD without Tx-FDE is adopted in
the SC uplink. The system model is depicted by Fig. 1. For
simplicity, we describe only the signal representation of STBC-
TD. The representation for SISO can be obtained by setting
all STBC parameters, i.e. the number of BS antennas (NBS)
and UE antennas (NUE), J , Q, and coding rate RSTBC to be 1.

A. SLM algorithm
Assuming that a time-domain transmit waveform is

{s(n);n = 0 ∼ Nc − 1}, PAPR is calculated over a V -times
oversampled block and is given by

PAPR({s(n)})=
max{|s(n)|2, n=0, 1

V ,
2
V , . . . , Nc − 1}

1
Nc

∑Nc−1
n=0 |s(n)|2

. (1)

It is seen in Fig. 1 that the phase rotation is carried out
prior to transmit signal processing. The j-th block of an Nc-
length data sequence {dj(n);n = 0 ∼ Nc − 1, j = 0 ∼
J − 1} is multiplied with the selected phase rotation sequence
{Φm̂(n);n = 0 ∼ Nc − 1}, yielding the rotated block
{dj,m̂(n);n = 0 ∼ Nc − 1, j = 0 ∼ J − 1}. In the SC uplink,
{dj,m̂(n)} is transformed into frequency-domain component
block {Dj,m̂(k); k = 0 ∼ Nc−1} by Nc-point discrete Fourier
transform (DFT). In the OFDM downlink, we simply obtain
{Dj,m̂(k); k = 0 ∼ Nc − 1} = {dj,m̂(k)}. Then, transmit
signal processings e.g. STBC coding and Tx-FDE are applied
to {Dj,m̂(k)} to obtain the frequency-domain transmit signal
at the nt-th transmit antenna (nt = 0 ∼ NBS− 1 for downlink
and nt = 0 ∼ NUE − 1 for uplink) and the q-th timeslot as
{Sm̂nt,q(k); k = 0 ∼ Nc − 1}. In addition, its corresponding
time-domain waveform after applying inverse DFT (IDFT) is
defined as {sm̂nt,q(n);n = 0 ∼ Nc − 1}.

In SC uplink using STBC-TD without Tx-FDE, it is known
that the PAPR of signals before and after STBC coding are the
same. This is because the STBC coding employs only com-
plex conjugate operations [3,14]. Therefore, we can select an

individual phase rotation sequence for each of the j-th block.
The selected sequence {Φm̂(j)(n)}, with the corresponding
sequence index m̂(j), is determined by

m̂(j) = arg min
m=0∼M−1

(PAPR({Φm(n)dj(n)})) , (2)

where {Φm(n);n = 0 ∼ Nc − 1,m = 0 ∼M − 1} is the m-
th phase sequence in a codebook and is generated randomly
as Φm(n) ∈ {ej0, ej2π/3, ej4π/3}, except the first sequence is
defined as {Φ0(n) = ej0;n = 0 ∼ Nc − 1} [12-14].

However, (2) is not available for STBC-TD with Tx-FDE
since the signals before and after Tx-FDE have different
PAPR. In this case, a selection criterion which minimizes the
maximum PAPR value (called mini-max criterion) among all
NBS transmit antennas and Q timeslots is used. A common
phase rotation for all J blocks is defined by {Φm̂(n)}, with
the corresponding index m̂, where its selection criterion is

m̂ = arg min
m=0∼M−1

 max
nBS=0∼NBS−1
q=0∼Q−1

PAPR({smnBS,q(n)})

, (3)

The selection criterion in (3) is sub-optimal and hence the
PAPR slightly increases when NBS increases. However, it
can keep the phase rotation estimation simple and no major
changes on Tx-FDE weight calculation is required.

B. Phase rotation sequence estimation

Phase rotation sequence estimation is employed after the
receive signal processing such as STBC decoding. It is based
on Euclidean distance calculation between the de-mapped
signal and original constellations. The phase rotation sequence
associated with the de-mapped signal having the minimum
Euclidean distance is selected. Assuming that the j-th time-
domain received block before de-mapping is {d̂j(n);n = 0 ∼



Nc−1, j = 0 ∼ J−1}, the phase rotation sequence estimation
can be expressed as

m̃ = arg min
m=0∼M−1

C∈Ψmod

(
ε =

Nc−1∑
n=0

∣∣∣Φ∗m(n)d̂j(n)− C
∣∣∣2) , (4)

where Ψmod is the original data-modulated constellation (e.g.
QAM mapping). The estimation in (4) can be used in both
STBC-TD with and without Tx-FDE.

III. APPLICATION OF BLIND SLM TO MMSE-SVD

Our proposed blind SLM techniques in [12-14] have not yet
considered their extension to MU-MIMO. A conventional SLM
for OFDM-MIMO with spatial multiplexing was proposed in
[15], which employs phase rotation individually at each trans-
mit antenna (called antenna-wise SLM) and can achieve the
same PAPR as SISO. A sub-optimal SLM which applies phase
rotation directly to the transmit antenna emitting high-PAPR
signal (called directed SLM) was proposed in [16]. Meanwhile,
[15-16] did not consider MU-MIMO and the use of transmit
filtering. More importantly, it is difficult to conduct signal
detection without side-information in MMSE-SVD when the
SLMs in [15-16] are used since the phase rotation estimation
at the receiver needs to consider all possible filter coefficients.
To realize low-PAPR MMSE-SVD transmission and a simple
data detection without side-information, a stream-wise blind
SLM is introduced in this section.

Here, we also consider OFDM for the downlink and SC
for the uplink, same as in Sect. II. MMSE-SVD system model
consisting of U UEs, each equipped with NUE antennas, and a
single BS equipped with NBS antennas is illustrated in Fig. 2.
The stream-wise blind SLM is also equipped. We assume that
each UE sends/receives G = NUE data streams and adaptive
rank/modulation control (ARMC) [6] is not considered.

A. OFDM downlink

OFDM downlink MMSE-SVD system with stream-wise
blind SLM is depicted by Fig. 2(a). At the BS, information se-
quence to be transmitted to the u-th UE is data-modulated into
G streams of Nc-length block {Du(k); k = 0 ∼ Nc − 1} with
Du(k) = [Du,0(k), . . . , Du,g(k), . . . , Du,G−1(k)]T . Assuming
that the UEs employ eigenmode reception [17], the transmit
frequency component NBS×1 vector at the k-th subcarrier can
be expressed by the following matrix form.

SDL(k) =

√
2Es
Ts

WT,DL(k) (Φm̂(k)DDL(k)) , (5)

where DDL(k) = [D0(k), . . . ,Du(k), . . . ,DU−1(k)]T . Es and
Ts are symbol energy and symbol duration, respectively. The
transmit filtering matrix WT,DL(k) with dimension of NBS ×
(U ·G) is determined by [14]

WT,DL(k)
= [WT,DL,0(k), . . . ,WT,DL,u(k), . . . ,WT,DL,U−1(k)]

=
(
UHDL(k)H(k)

)H
×
((

UHDL(k)H(k)
)(

UHDL(k)H(k)
)H

+
(
N0

Es

)
IU ·G

)
−1P1/2(k)

(6)
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Fig. 2. MMSE-SVD system models with blind SLM.

Note that AH represents a Hermitian transpose of A and
N0 is one-sided noise power spectrum density. H(k) =
[HT

0 (k), . . . ,HT
u (k), . . . ,HT

U−1(k)]T is (U ·NUE)×NBS matrix
representing the downlink channel between BS and U UEs, in
which Hu(k) representing an NBS×NUE uplink channel matrix
between the u-th UE and the BS, and its transpose HT

u (k)
is the downlink channel matrix of the BS and the u-th UE.
UDL(k) = diag{UDL,0(k), . . . ,UDL,u(k), . . . ,UDL,U−1(k)}
with an NUE × NUE unitary matrix UDL,u(k) is obtained by
applying SVD to HT

u (k) as follow.

HT
u (k) = UDL,u(k)Λ

1/2
DL,u(k)VHDL,u(k), (7)

where Λ
1/2
DL,u(k) is a G × G matrix whose the g-th diagonal

element, Λ
1/2
DL,u,g(k), g = 0 ∼ G−1, contains an eigenvalue of

the g-th eigenmode. P(k) is a U ·G× U ·G diagonal matrix
representing water-filling power allocation, whose the (u ·g)-th
diagonal element is given by

Pu,g(k) = max

(
1
√
µu
− 1

(Es

N0
)ΛDL,u,g(k)

, 0

)
. (8)

Note that µu is chosen for satisfying the power constraint.
In (5), the selected phase sequence {Φm̂(k); k = 0 ∼

Nc − 1} is multiplied to all data streams {Du(k)}. Here,
the selection is done based on mini-max criterion, which
minimizes the maximum PAPR among NBS antennas, and is
expressed by

m̂ = arg min
m=0∼M−1

(
max

nBS=0∼NBS−1
PAPR({smnBS

(n)})
)
, (9)



where {smnBS
(n);n = 0 ∼ Nc−1} is the time-domain transmit

signal at the nBS-th antenna and is obtained by applying Nc-
point IDFT to {SmDL(k) = WT,DL(k) (Φm(k)DDL(k)) ; k =
0 ∼ Nc − 1}. A codebook of {Φm(k)} is already defined in
Sect. II. In addition, it is possible to select an individual phase
rotation sequence for the g-th data stream from available B
sequences, but we have confirmed by computer simulation that
it achieves the same PAPR as selecting a common sequence
for all U ·G streams from M = B(U ·G) available sequences.

At the u-th UE, the cyclic prefix (CP)-removed received
signal blocks through NUE antennas are transformed into
frequency domain by Nc-point DFT. The frequency-domain
received signal vector at the k-th subcarrier, Ru(k), is

Ru(k) = HT
u (k)SDL(k) + Zu(k), (10)

where Zu(k) is an NUE × 1 additive white Gaussian noise
(AWGN) vector whose element has zero-mean and variance
of 2N0/Ts. The received data streams before de-mapping
and data de-modulation {D̂u(k); k = 0 ∼ Nc − 1} with
D̂u(k) = [D̂u,0(k), . . . , D̂u,g(k), . . . , D̂u,G−1(k)]T are ob-
tained by simply applying SVD filtering and are given by

D̂u(k) = WR,DL,u(k)Ru(k)

= UHDL,u(k)Ru(k)
. (11)

In general, if the SLM is applied at the transmitter, the re-
ceiver needs to conduct de-mapping before data de-modulation,
which is expressed by

D̃u(k) = Φ∗m̂(k)D̂u(k). (12)

However, (12) requires side-information transmission to know
m̂. Here, we applies the phase rotation sequence estima-
tion separately for each UEs received signal. The received
candidate corresponding to the v-th de-mapping sequence is
obtained as {D̂

v

u(k) = Φ∗v(k)D̂u(k); k = 0 ∼ Nc − 1} where
D̂
v

u(k) = [D̂v
u,0(k), . . . , D̂v

u,g(k), . . . , D̂v
u,G−1(k)]T . The Eu-

clidean distance between {D̂
v

u(k)} and the closet constellations
is computed. The estimated phase rotation sequence of the u-th
user {Φm̃(k)}, with the index m̃, is found by

m̃ = arg min
v=0∼M−1
C∈Ψmod

(
ε =

G−1∑
g=0

Nc−1∑
n=0

∣∣∣D̂v
u,g(k)− C

∣∣∣2) , (13)

Finally, the received data streams before de-modulation can be
obtained by replacing m̃ instead of m̂ in (12).

B. SC uplink

SC uplink MMSE-SVD system with stream-wise blind
SLM is depicted by Fig. 2(b). At the u-th UE, information
sequence is data-modulated into G streams of Nc-length data-
modulated block {du(n);n = 0 ∼ Nc − 1} with du(n) =
[du,0(n), . . . , du,g(n), . . . , du,G−1(n)]T . Each stream is trans-
formed into frequency-domain components block by DFT,
yielding the frequency-domain components block {Du(k); k =
0 ∼ Nc − 1} as

Du,g(k)=
1√
Nc

Nc−1∑
n=0

Φm̂(u)(n)du,g(n) exp(−i2π kn
Nc

). (14)

where i =
√
−1 . The frequency-domain component vector at

the k-th subcarrier, Du(k), is then multiplied by an NUE ×G
transmit filtering matrix WT,UL,u(k), obtaining the frequency-
domain signal transmitted from NUE antennas of the u-th UE,
Su(k) = [Su,0(k), . . . , Su,nUE(k), . . . , Su,NUE−1(k)]T , as

Su(k) =

√
2Es
Ts

WT,UL,u(k)Du(k), (15)

where WT,UL,u(k) is described in [5] and is given by

WT,UL,u(k) = VUL,u(k)P1/2
u (k), (16)

where VUL,u(k) is an NUE × NUE unitary matrix whose
columns consisting of right singular vector of Hu(k) as

Hu(k) = UUL,u(k)Λ
1/2
UL,u(k)VHUL,u(k). (17)

Here, Λ1/2
UL,u(k) is a G × G matrix whose the g-th diagonal

element, Λ
1/2
UL,u,g(k), g = 0 ∼ G − 1, contains an eigenvalue

of the g-th eigenmode. Pu(k) is a G × G diagonal matrix
representing MMSE power allocation, whose the g-th diagonal
element is given by

Pu,g(k)=max

 1
√
µu

√
Es

N0
ΛUL,u,g(k)

− 1
Es

N0
ΛUL,u,g(k)

, 0

. (18)

The frequency-domain signals {Su(k); k = 0 ∼ Nc − 1}
is transformed back into time domain by Nc-point IDFT,
yielding the time-domain blocks to be transmitted through
NUE antennas {su(n);n = 0 ∼ Nc − 1} with su(n) =
[su,0(n), . . . , su,nUE(n), . . . , su,NUE−1(n)]T as

su,nUE(n) =
1√
Nc

Nc−1∑
k=0

Su,nUE(k) exp(i2π
kn

Nc
). (19)

Here, the phase rotation selection criterion for SC uplink is
similar to that of OFDM downlink, i.e. mini-max criterion. The
selected phase rotation sequence for the u-th user {Φm̂(u)(n)},
with the corresponding index m̂(u), is given by

m̂(u)=arg min
m=0∼M−1

(
max

nUE=0∼NUE−1
PAPR

(
{smu,nUE

(n)}
))
. (20)

Here, {smu,nUE
(n);n = 0 ∼ Nc − 1} represents the trans-

mit waveform at the nUE-th antenna and is obtained from
{dmu (n) = Φm(n)du(n);n = 0 ∼ Nc − 1}. Note that the
selected phase rotation sequence can be different for U UEs
since the transmit waveforms from each UE are independent.

At the BS, the CP-removed received signal blocks through
NBS antennas are transformed into frequency domain by Nc-
point DFT. The frequency-domain received signal vector at the
k-th subcarrier, R(k), is expressed by

R(k) =
U−1∑
u=0

Hu(k)Su(k) + Z(k)

=
√

2Es

Ts
(Htotal(k)Wtotal(k))

D0(k)
...

DU−1(k)

+ Z(k)
, (21)



where (H0(k)WT,UL,0(k) . . .HU−1(k)WT,UL,U−1(k)) is de-
fined as an NBS × (G · U) equivalent channel matrix
Htotal(k)Wtotal(k). Z(k) is an NBS × 1 AWGN vector. The
frequency-domain output blocks {D̂(k); k = 0 ∼ Nc−1} with
D̂(k) = [D̂0(k), . . . , D̂u(k), . . . , D̂U−1(k)]T and D̂u(k) =
[D̂u,0(k), . . . , D̂u,g(k), . . . , D̂u,G−1(k)]T are obtained by ap-
plying MMSE filtering, i.e. D̂(k) = WR,UL(k)R(k), where
WR,UL(k) is a (U ·G)×NBS matrix and is given by

WR,UL(k)

= (HT (k)WT,UL(k))H

×
(
(HT (k)WT,UL(k))(HT (k)WT,UL(k))H+(Es

N0
)−1
)−1

(22)

where WT,UL(k) = diag{WT,UL,0(k), . . . ,WT,UL,U−1(k)}.
Finally, {D̂(k)} are transformed back into time domain by
Nc-point IDFT, yielding the time-domain received blocks
before data de-modulation {d̂(n);n = 0 ∼ Nc − 1}, with
d̂(n) = [d̂0(n), . . . , d̂u(n), . . . , d̂U−1(n)]T and d̂u(n) =
[d̂u,0(n), . . . , d̂u,g(n), . . . , d̂u,G−1(n)]T .

Here, the phase rotation sequence estimation is carried out
for each UEs received data streams. the time-domain received
candidate corresponding to the v-th de-mapping sequence is
obtained as {d̂

v

u(n) = Φ∗v(n)d̂u(n);n = 0 ∼ Nc − 1},
with d̂

v

u(n) = [d̂vu,0(n), . . . , d̂vu,g(n), . . . , d̂vu,G−1(n)]T . The
estimated phase rotation sequence of the u-th UE {Φm̃(u)(k)},
with the index m̃(u), is determined by

m̃(u)=arg min
v=0∼M−1
C∈Ψmod

(
ε =

G−1∑
g=0

Nc−1∑
n=0

∣∣∣d̂vu,g(n)− C
∣∣∣2) . (23)

The estimation in (13) and (23) can be done by either ex-
haustive search (maximum-likelihood; ML) [12-14] or 2-step
estimation using Viterbi algorithm [18]. Finally, the received
data streams before de-modulation can be obtained by d̃u(n) =
Φ∗m̃(u)(n)d̂u(n).

IV. PERFORMANCE EVALUATION

Simulation parameters are summarized in Table I. Perfect
channel state information (CSI) and uncoded transmission
are considered for simplicity. Performance of the proposed
stream-wise SLM is carried out and is compared with that
of the antenna-wise SLM with perfect Nt log2(M)-bit side
information detection [15].

A. PAPR

PAPR performance is evaluated by measuring the PAPR
value at complementary cumulative distribution function
(CCDF) equals 10−3, called PAPR0.1%. Fig. 3 shows
PAPR0.1% versus M of OFDM downlink and SC uplink MU-
MIMO using MMSE-SVD transmit/receive filtering. The data
modulation scheme is set to be 16QAM. PAPR0.1% of the
conventional SISO-OFDM without SLM (10.7 dB) and the
conventional SISO-SC without SLM (8.7 dB) are also plotted
for comparison.

Firstly, it is seen when M=1 (no SLM) that the use of SVD
filtering with joint transmit/receive MMSE power allocation
drastically increases the PAPR of SC uplink waveform [6],

TABLE I
SIMULATION PARAMETERS.

Modulation
Data modulation 16QAM, 64QAM

FFT/IFFT block size Nc = 128
Cyclic prefix length Ng = 16

User equipment
Tx/Rx filter SVD

No. of UE antennas NUE = 2
No. of streams G = NUE = 2

Phase sequence type Random polyphase
Blind SLM No. of sequences M = 1∼512
parameter Phase sequence

Maximum-likelihoodestimation method

Channel
Fading type

Frequency-selective
block Rayleigh

Power delay profile
symbol-spaced

16-path uniform

Base station
No. of BS antennas NBS = 4

Tx/Rx filter MMSE
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Fig. 3. PAPR0.1% versus M .

where there is no major difference in PAPR of SISO OFDM
and OFDM downlink with MMSE-SVD. PAPR can be reduced
by increasing M in both the antenna-wise SLM and the stream-
wise SLM, but the PAPR of MMSE-SVD using the stream-
wise SLM is higher than that of the antenna-wise SLM. This
is because the mini-max criterion in (9) and (20) decreases
the degree of freedom in waveform candidate generation [13].
Assuming that M=256, the stream-wise SLM can lower the
PAPR by 3.7 dB and 3.3 dB in SC uplink and OFDM
downlink, respectively, which are only 0.5 dB and 1.0 dB
higher than that of the antenna-wise SLM (i.e., only 0.5 dB
and 1.0 dB higher than the optimal solution).

In addition, we have also evaluated the PAPR of SC-
MU-MIMO with MMSE-SVD transmit/receive filterings using
64QAM, but the results are not shown in this paper since they
are very similar to those of 16QAM.

B. BER

Figs. 4(a) and 4(b) show the uncoded average BER of
OFDM downlink and SC uplink MU-MIMO using MMSE-
SVD and the stream-wise blind SLM as a function of average
total transmit Es/N0, respectively. The MU-MIMO system
configuration (U × NUE, NBS) equals (2 × 2, 4). BER of the
MU-MIMO using MMSE-SVD without SLM is also plotted
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Fig. 4. BER performance of MMSE-SVD with blind SLM.

for comparison. The number of phase rotation sequences is
M=256. In addition, performance comparison of MMSE-SVD
and receive ZF has been examined in [5], hence the BER
of MU-MIMO with ZF filtering is not discussed here. It is
seen from Figs. 4(a) and 4(b) that there is no major difference
among BER performances of transmission without SLM, and
the transmission with stream-wise blind SLM although there
is no side-information sharing, especially when the average
transmit Es/N0 is sufficiently high (i.e. higher than 10 dB).
From Figs. 3 and 4, we can conclude that our proposed
stream-wise SLM can realize a simple data detection without
side information in MU-MIMO, while the PAPR reduction
capability is only 1.0 dB apart from the optimal solution.

V. CONCLUSION

In this paper, firstly, the principle of blind SLM and its
application to STBC-TD were overviewed. Then, the stream-
wise blind SLM for MMSE-SVD in both OFDM downlink
and SC uplink was proposed. The sub-optimal blind SLM
employs phase rotation sequence multiplication to transmit
data streams and prior to transmit filtering. The phase rotation
sequence estimation for stream-wise blind SLM can be carried
out similar to that of SISO blind SLM. Computer simulation

results confirmed that the stream-wise blind SLM can lower
the PAPR of the OFDM downlink and SC uplink MMSE-SVD
by 3.3 dB and 3.7 dB, respectively, when M=256, which is
only 1.0 dB and 0.5 dB apart from the optimal values. It is
also shown that no significant BER degradation occurs even
though there is no side-information transmission.
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